Six marine birnaviruses isolated from turbot (Scophthalmus maximus) were compared with the infectious pancreatic necrosis virus reference strains Sp, Ab and WB from salmonid fish. This comparison was carried out by PAGE analysis of viral RNA and polypeptides and comparison of the reaction pattern with 4 monoclonal antibodies against the reference strains. High heterogeneity was found among the 6 isolates when comparing the RNA and polypeptide electrophoretic patterns and their reactions with the monoclonal antibodies. Most of the strains isolated from turbot could not be ascribed to any established serotype.
The family Birnaviridae includes icosaedric un enveloped viruses with double stranded and biseg mented RNA genome. Aquatic birnaviruses are the largest group in this family, causing diseases in a variety of fish and shellfish species all around the world. The prototype strain, the infectious pancreat ic necrosis virus (IPNV), is an important patholog ical agent for salmonids, causing high mortalities and economic losses in trout and salmon cultures (Wolf, 1988) .
Most of the aquatic birnaviruses are antigenically related, however, three major serotypes have been traditionally distinguished (Sp, Ab and WB) (Wolf, 1988) . Using reciprocal cross-neutralization with polyclonal antibodies, Hill and Way (1983) identi fied six aditional serotypes (Hetch, Tellina, Jasper, Canada 1, Canada 2, Canada 3). All these serotypes constitute a major serogroup, named the serogroup A of aquatic birnaviruses. Although some years later, Christie et al. (1988) characterized a tenth serotype: N1, this was lately assimilated to the Sp serotype (Melby and Christie, 1994; . Recently, monoclonal antibodies have been developed to determine the antigenic relationship among different isolates from all over the world (Caswell-Reno et al., 1986 Lipipun et al., 1989; Chi et al., 1991) and RNA and polypeptides patterns have also been compared (Hedrick et al., 1985; Hsu et al., 1989 Immunodot with monoclonal antibodies The interaction of 6 turbot isolates and 3 reference strains with 4 monoclonal antibodies (E2, W3, W5 and AS-1) was analyzed by an immunodot assay following Caswell-Reno et al. (1989) . The mono clonal antibodies had different specificities and their pattern of reactions with aquatic birnaviruses, in comparisson with those obtained with established serotypes, gives a presumptive serotyping of this viral group (Caswell-Reno et al., 1986 . Epitopes recognized by MAb AS-1 appear to be highly con served among these viruses, since these epitopes were present on all aquatic birnaviruses tested from the three established serotypes. MAb E2 reacts with all serotype Ab viruses. MAb W3 reacts with Sp and WB and MAb W5 is specific for WB viruses.
Results

Viral RNA electrophoresis
Sp, Ab and WB strains could be distinguished by the different mobilities of their two genomic seg ments. All the turbot isolates showed, also, two RNA segments and could be assigned to the proto type IPNV strains by their mobility (Fig. 1) by Caswell-Reno et al. (1986 . All turbot isolates reacted with the MAb AS-1. The strains 231 and 460 isolated from turbot, did not react with E2, W3 and W5. Turbot strain 306 reacted with MAb W3 (which recognizes Sp and WB epitopes) and with the MAb E2 (which recognizes Ab strains).
The strain 390 showed the same reaction pattern that Sp serotype. Finally, birnaviruses 311 and 160 reacted with MAb W3 and W5, which indicates a similarity with the american serotype WB. Aquaculture is a developing activity with a poten tial high impact in the marine environment. This activity could also play an important role in the spread of viruses that could derive from marine or freshwater cultured species since most of these vi ruses are highly stable in water with a widespread range of physical and chemical properties (Toranzo and Hetrick, 1982; Wolf, 1988) . Farmed production of turbot is steadily increasing in Europe, mainly in France and Spain. Mortalities, attributed to marine birnavirus infections, have been reported in farmed turbot in Norway and Spain (Mortensen et al., 1990 (Mortensen et al., , 1993 Novoa et al., 1993a) . The high dependence of some of these production plants on the importation of turbot juveniles from other geographical areas increases the risk of introducing "new" pathogens to unexposed marine populations. In spite of the wide spread monitoring for aquatic birnaviruses in the freshwater and marine environments, only recently the IPNV American serotype (WB) has been isolat ed from turbot in Europe (Novoa et al., 1993b) . Furthermore birnaviruses have been isolated from marine bivalves (Underwood et al., 1977; Lo et al., 1988; Rivas et al., 1993) and even from several species used as food for cultured fish. This is the case of rotifer (Brachionus plicatilis), other cultured marine fish larvae, and the fish species used as fresh food for turbot such as raw sand-eel (Ammodytes sp) and blue whiting (Micromesistius potassou) (Rivas et al., 1993) . Moreover, infectious IPNV was isolated from wild piscivorous birds faeces frequenting sal monid fish hatcheries (McAllister and Owens, 1992) . Also, the persistence and stability of IPNV in com mercial fish silage has been reported (Smail et al., 1993) . The previous cases could be taken as examples of the danger that aquaculture has for natural populations, once a pathogen is introduced it is virtu ally impossible to erradicate. A full characterization of the viral isolates from a particular geographical area is particularly important, since the biochemical and molecular properties are usually related to the virulence of the different viral strains.
The characterization of these 6 turbot birnaviruses isolated in a five years survey of health status of several turbot farms (Scophthalmus maximus) re vealed a high heterogeneity from such a restricted geographical area as Galicia (NW of Spain). This contrasts with the results obtained by Ledo et al. (1990) and Rivas et al. (199 th r of turbot birnaviruses 149 cause of unexplained mortalities or changes in the structure of natural communities adjacent to fish farms.
